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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a 
semiconductor element and a solar battery at a low 
cost which have high efficiency, safety and long life. 

SOLUTION: In this semiconductor element, a 
compound semiconductor layer containing nitride 
based compound semiconductor composed of at 



least one element selected out of at least Al, Ga 
and In, and nitrogen element is formed as a window 
layer on a semiconductor substrate. In this solar 
battery, a compound semiconductor layer containing 
nitride based compound semiconductor expressed 
by a composition formula AIXGaYlnZNW, where X, Y, 
2 and W show composition ratio, and satisfy 
0.8^(X+Y+Z)/W^1.2 and 0.1=sZ/(X+Y+Z)^1 .0 is 
formed on a semiconductor substrate. 
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(54) ¥f*lfS^itft 



(57) [gfcj] 

[ISM] ffiJ»*Tfcy» LfrtSfTS 

^<*S«±lC 'J>i&<tt,A I , Ga 

fifti^L, EX. Y. ZStfwiimfiKtt^au 

0. 8 ^ (X + Y + Z) /W^l. 2, fro. 0. 1 g 
Z/ (X + Y + z) <i. 0^3S/frci:^l#m«i:-r^ 



im&m 1 ] imwmm±^ < 1 1 a i , g a 

/\P^>tc«^0. 1~40a t o m%^frr£fi:KJl 

i itmm^mmwm^o 

fro. BlfB<b£1i&¥®WlJb\ C Si. GeMSn 

frzmtRznz 1 ^©rost^^-r^n^is i xtt 2 

[1*^4] MfB¥*#8^frniytDe>S^£^U 
fro. MIBfb^lftl^ttSfr, Be. Mg. Ca. Zn 
SO-'S r frSiiiJRl*-*^ 1 J^eDra^aST^Ii^JS 
1 Xti 2 lcIB«tf>¥*¥f*J||^o 

[it m&*m&mmtj\ ->'j=j>fr6&5ii 
a»« 1 fre Ao^mmcBmozmftfz^o 
mmm6) BuiB->';=i>fr. g a v>^x ^ssn 

nans 5 icnmo^mwm^o 

[IS^7] MIB¥3*f***5fr\ JSJ&PSHc&tt-^ll 
I A)^7t«fr5SlR?n-5 1 J-X±(D7t^t. PM/X 

«a s tfr<E>r+z>mm.m-\ fr5 4<D^-rnfriciBi6<D¥ 

[«2KJI8] HyfB¥3gt*S*6fr\ Cu*tC;M3/\" 
-r^-f h^b^%)fr6JS:^iS5R^1 fr6 4<75t^-rtLfrlC 
IBl6CD¥«<t^?„ 

frlclBK^^Wft^o 

©AW^lRjlCfpJfroT I n;lJtfr1g<&oTl^fM?li 
1 0lCl3K©¥#f**?o 

[M*H1 2] iaiE<t£ft¥SM«i»tf*H»i#. *■ 
IVftU C, Si. GeStfSnfre^R^n^l J-X± 
(DTt^^a^ fro, au!34 J F E g/ilCa~2:ft&BufB7LSI4> 
illgfr, BijIBfb^^^^tCa-^n^BulBTc*©^® 

ctyfiu^ti^9fre 1 1 <D^-?tihHcim<D*mi*m 
[§S^i3] 8utB<b^¥#Wiatf*iajf;!>\ * 

tt^tt. Be. Mg, Ca. Z n StfS r frSillR^n 
-5 1 lX±©7u3R£#aK fro, BufB^SlCa-^tl^M 

mo&m&vm^m>£m9fr*> i i tfM^r+ifriciBecD 

[f^Jll 4] SulB^b^^^ttiSStf^Sfr. 6 



IBtt<D¥3»<*:M^ 0 
[WiRJl 1 5 ] ¥**f*a*S±K. fcBfiEitfr A I x G a y 
I nzNwTS^n^M^b^^b^^ft^a-WT^fb 

U 0. 8 ^ (X + Y + Z) /W^l. 2. fro, 0. 

i^z/ (x + Y + z) gi. o^l/ctci^i 
[fi?RJl 1 6 ] S*5±tC '>%<<»: fc, 3SJ5£3tfr A I 

xiGayi i nnNm^^ri^mit^mt^Va^m^ 
fsnr^>it^mim»m. so-MstfrA i X 2G a Y 2 1 

n Z2Nw2T«^n?.^b!|4l^b^^i*^#Wt-^^b 

•^^^g^cicoiilic^L. SutBX i. yi mz 1 

itmf&itzmu o. 6izi / (X1+Y1 + ZD 

^1.0 ZMfc L, SulBX 2 , Y 2 RU-'Z 2 ti$fi/$lt£- 
SU 0IZ2/ (X2 + Y2 + Z2) ^ 0. 9&ffitz 
U fro, ZlMZ2tfZ2SZ1?3SftTui:^ 

[0001] 
[0002] 

vmtitt nr *:«>, qMx#i)w)±^ i^&gfiiiST- 

[0003] ^<Dfc#£5Ji£ff;J«T£¥?«*:© ? "5. 
£Sfl©7 1 cA«#Jl±^T-&3©fra£ L < , SIS a - 
S i C xtfiI©Stti LT«***iTl/>* 0 LfrU 
a - S i C x it C mi&&%> < & 3 li £ pnR3fe4>9il$& 
&<l£Z>ti\ mcyt^^-yyt><2. 0eVJ-X± (6 2 
Onm) ic^^t, maic^'B^tt-^m^iMSgfrlS 

it-czK^t^offlmtf&^tco ztc. mm llt mm 
[0004] ^m^m^tc^comn^i^ 

/U^-^J#o^©x^;U^-li, ffi7«in(0x^il/^ 



z^mitnmmffiiftft&witrtiT^z,, LfrLft#e, 

¥*ttt£ft < , *H©IH»l*iU=P-©*t>5fi^ 5 0 0 
tcyffx*;U*-©«*3!mn:*# < » x* il^-SJft 
[0 0 0 5] Jsj&SlctefflT? KM> K*> •> ^* 
tlT^*. LfrLfttfS, C©**!*-?^*?*** 

at-trvy— no*8W*«?3t>«siffl<b*nTt^*tf. *7 
7"T7'a«*fflt'» 1 o o oTtc-sBjaTfWi^nfc* 
se B B B igT£ y x flra^ffi»<ojS# s«?iif 

¥!PmK7 £ L T Wfl3T * C £ fcfcT* ft U» £ -3 NHtf 

«i(D»WCGa N-f>A I N^Z n OKy y'T'Jl^tS 
W-ftfc<DT-25 U » LT 

[0 0 0 6] — JS^ *ffi$*«'S0!>CO2©iii]Dfc 

ftx*/U*-©B3jMraS< »i0 LTfc y . 

>feli. to©R£fc*ilS*»<Ox*jl/:e-£fiJfflT**S 

B B B • 'J =1 >3R*BI«j6^>G aAs^l n P&D 

<ttfS^T&*„ 

[0007] ±a?Lfta»j. 3 i cx^.;u=r-cDSM'\o^ 

-j zflc ioiaffh^ o$ y 
»SnfcS-5«S<D3foOx*iU4f-(D-5-5, tt^=£> V 

o* y js&sic ft ti«r ft £ i $ 

T^Cirlcft*,, *NB&03/t* h/Hi*«B«.4:i6± 
TtegftSfc©©* ^<D»tJx*;l/*"-{*>fcf-?te4 o 
0~600nm (3t^*+ -y LT 3 . 5~2. 5e 
V) JC»*. £A*> 'J 3 VttK??* ■> 7# 1 . 1 e 
V, GaAslil. 4 e VT\ ttl¥1\%3 1 1 0 0 n m 
t886n mlcfflS L. #*MR«<0«*.«SUcaESW- 3 
C©«fc5ft^f*T-^ 

x^iu^-oe-^jfta^-pox^/u^-a*^** 

[0008] Mic mscoattSb^tca, 3t¥*tt«>jg 
)g<D36Stt#tt i t,#£i-rs«i®3b^y. awnaucTJS 

)g*M5T-r^fti6. C©iS««lT'ttMlcx4s.;U^-«^ 

3fft. Ga a s^iigB e B v"J=l>^c]t^■r 



o%Sig<!:Jt»w©t^^)\ M5<D=lXh#S i ictt^T 
3 o fgw±?» y , $ fciiueas«©** £ # r 5 n« 

fe&lTO&«MICttfflfrftV. G a A s »S£»i£12¥ 
Wf*T '* y . UUfll < ig«7J SI? <h LT ttSMBTS* 
t»„ CCOfc46®i]X h<DS i±lcGaAs£Ffcfirt£;£ 
>£tfM^6tlTl->3>jb\ £&abStt(<:ttS itGaAs 

a*j«»^riitici*ft5ftt\ *ft, ^nj&stf 

KLCtl/^HJBtf 5 **.. 
[0 0 0 9] *>^A8§£<LLT*RS§X*7l/:£- 

«»LTsi©$r-r:i— h*«j«*i*oai4*«*»j«r* 

^ic j; 0 TJKrarr y » c©ft»ei4i: ©w® 
Tes»sg©sft*«y $3«»c«fc ymMr»i8r««« 
#*y\ e*s**j»-r*7c3R©awr, assnorte 

StC*iU'TttffifflT«fiT*fc»fttt&ttftl?ie*»Bl« 
tiCt^i&fro/i:. CflDfca&fcRflWDX^jU*— 
£2Ettlc£frL*tiftfroft„ 

[0 0 10] 7 7; E;U7 7'X*m'fbv , J=l>tt, tS 

B B B S iMaAs lcJ£~<3K¥4 f + y < . Rl^tsE 

S i lctt^ftAS*fliJ©%iRtf*#<. R8iR8i*<h±*tC4 
0 0 ~ 5 0 0 n m(0318&a«|¥(tfg < » ffilC^^fitif 
x^.;U^-<o^*ftgp»^ £»3*H4«4)%«ttiRTS' 
Sl^l^BItfa55. Mlcafi5»*<7)^lfCD<telC. ?1 
SglCttMt^^BaWtc J: o T3WS»J»*flHttTr 
%f bSifttffi y s Si^UfflWft U^/UTO*HHl|M>ERM 
lc<fcoTW6ti^SlSiai^ti1 0%iSttifj9T^ 

[0 0 1 1 ] 

Lft^S^TSS^ft^fls^S^^ISflTft^^fr 
[0 0 12] 

[SRH*#*TSfc»©#8] SHBH!a*l!S»r*ft» 
CD^Stiv JXTODiiyT**. fip-5. 
<1> ^»:Stg±(C. '>ft<<htA I . GaStfl 
nft^e^lR^tlS 1 l&J:a>7GX£3X7cX£&Sft«S 
fbtSs^fb^¥W«s^^-r^<b^!|!!s*«f*S ; &S^«i: 
LT«*LftCt*1f«frs¥IH**?T*«. 
<2> SijfBfb^¥©f*^*\ **&tf/Xtt/\ny 
>5c^*0. 1 ~4 0 a t om%#Wt"^>miIB< 1 >lc 
IBSO^Si«^Tfe*o 

<3> m^mm»mmt?pm(ommm^L. tro* 



<4> fyIB¥^*S«frn§yc7M^§y£^U fro. 
■uK*b£*¥#fttltf* Be, Mg, Ca. ZnMS 
r frS^^tlS 1 Ji(±<D7c^^^^-ri.BulB< 1 >3Z. 

<5> B5!B¥2»(*SS6\ v'J=i>fre^^fiijIB< 1 

>fr 6 < 4 ><Dl^-fftfrK!S«W¥#tt«^ 

<6> iufB->'J=I>fr. ^ B B B ->U3X ^S->'J=1 

>, «|ga->'J=i>\ 5Z.l*^ a B H M->'J=]>TS^HijfB< 

5 >lciBtE<D¥«#ili^T*££o 

<7> g}lB¥#^S«*\ J3«S*Slc*5^?»IIIA^ 

TzmfrSmtRZHZ 1 l-XiWTc^t. PRtf/SZJiA s 

i:fr6^^BulB< 1 >fr6<4><7)C^nfrlcffiK<*>¥ 

<8> BusB¥^f*S«Jb\ Cu^»i!/an'-<7'f 
H&ffc^!lfr6&2>&jlB< 1 >frS<4>(D^-rtl6HC 
IBttW¥^<**?T^^o 

[0013] < 9 > Mi3¥#f*«ffi<h<bi^¥?lSWi 
tc^lc, I n£#fc*P^Ji£WT£iiyt3<1 >frt>< 
8 XOL^-rnfrlClBK^^m^T'S^o 

<io> BuiB^F^3b\ i nmmvmtezmgKDmfr 

6&3bu!B< 9 >lcIBtE£0¥»»:* : f T^«o 

< 1 1 > S5I3 I rwilgcDg&SiSgtroJljbv %<DXM 
£[S|lC|R]froT I n3§Jtfrfg<&-pTl^BijlB< 1 0> 
iCfBiE^aH*^ T-35 S. 

< 1 2 > MI3<b£fe*j*WIRtf *Pi3/ifr. * tl? 
tU C, Si. Ge&t>'Snfr£^R2rtl&1J-X±<D^ 
Jit^a?*. fro, HijIB^P^lc^^+l^ButBTcSOjlS 
fr. S5IBfb^l!D¥^<*Jllc^$ n^MIB7c^W;iJg J: »J 
ffi^B0IB<9>fr5< 1 1 ><D^-rtifrlclBIEO*^ 

< 1 3 > BuISfb^HB^Wi&tf ^Jlfr. ^la^" 
ft. Be, Mg, Ca, Z n RtfS r fr"BjS!R3-ft2. 1 
lX±G)7c^ : &a^v fro. HuiB^flS/f Ka^tl^HuIBTu 

< 1 4 > MfBfb^^ttJl&tf^PaJIfr. 6 0 0°C 
J-XTTf^*n^B5IB< 9 >fr e. < 1 3 XDl^-fftfrtC 

[0014] < i 5> *mwmm±i^ si^wa i 

xGa Y l nzNiT«**l*SflrfWMk**im(MMt«* 
rSib^»**»JB*SU ISX, Y, ZRtfWli3fij£ 
Jt^SU 0. 8 ^ (X + Y + Z) /W^l. 2. fr 

o, o. i^z/ (x + y + z) si. o«ft7vrc£ 

<16> Sffi±lc. 'J>&< <ht>. *§J5£itfrA I xiG a 



9f*JI£C<DNIl;:«U MIBX 1 , Y1MZ1 liaam 
Jt**U 0. 6^Z1/ (X1+Y1+Z1) ^1. 
0*»fcU huIBX2, Y 2 Zfctf Z 2 tiSSfiEit^S L. 
0^Z2/ (X2+Y2+Z2) ^0. 9£SSfcU fr 

o. z iarjz2frZ2^z i «aifcrcfc*»fiir 

[0 0 15] MIC, MIBPI«^»^-rS/c46<7)#S8t±, 
J-XTOHg^fr»$ LC\ 

< 1 7 > mjlB¥#f*S«fr . £ A -> U a > fr 5 % 5 15 
IB<1 5>tCi3tt£D±P§«>teT-35£o 

< 1 8 > t5IB^b^*b^ai<*Sfr, 7j<«^#WT*MIB 

< 1 5 >X.[*< 1 7 >lc|BS©*^«;teT^^ 0 

< 1 9 > ftA»«C|S)fr oT^'t yfr** < & 

wt-gwn^mwmzGu fro, gijiBSis<Des§yttij 
iBS*5icj£-r %it-gvi)¥mtem<Dmmm t fr s& 3 mib 
<i 6>iziEm(o±m>m^TSc,^o 

< 2 0 > HylBStSfr^Hv U =l >fr 6 % 3 MIB< 1 6 

< 2 1 > MIBfb^^Wlfr. 7k»^#W-T«MIB 

< 1 6 >. < 1 9 >Stf< 2 0 XD^-rtlfrlClBigO)* 

[0 0 16] 

[f|0^<7)|ISgrom^] J-XT. *5P3lcoi^Tl¥SBHcl$ifE 

lc. 'P*z<ii*>it^W*mtemtt^ ElciBSHciSi; 
[0 0 17] *«l!8?fljt^*l41« 

ti. ¥«ttS^T&fttf#lciflPBi±&^fr. 

«. jnw$*icfcnt^ni ASt7u«freii^n^i j-x 

^ tj £ ;l/ =1 / \V 5 -f h ^fb^^Ifr 6 & 3 StEfrJ? $ L < 
^tf£ft3<, Cft£li. pMe#14T^oTt, n3M5 
ittt^oTtJ:^ BijlB->'J=l>S«<tLTli. Ss^a 

->u=>^. ^sshV>u=i>. ^b b b>' i j=3>, #Myf-> 

I AJSOTiSfr 65StR^ tx-S 1 J-X±©7t«i:, PStf/X 
liA stfrS^^StStLTli. «IJ^«\ G a A s , G 
a A I A s , GaAlP, GaP, AIGaP, In 
P, InGaP, I n A I P^fr^lfStl^o dtilcj: 

^fi^lCjfiOl+^CtfrT^So $fc, SuIBCu^ 
t;*ib3/\V7^ h^b^tSjfrS^^StgtLTli. 0<J 
^.(f, CulnSe2, C u I n S2> CuGaSe2, 
Cu I nGa S ei^OpMOtU^/U hitSVn 
¥#ft^ffil^5i:iii>T'??„ MIC. CdS, CdS 
e, CdT eW<DU-VHt£VB¥mi**&mTZ>Z:t s t, 



[0018] at^mmwB) m&t&9B¥m#m 

^mmt. 'i>&< tfcA I , GaMln («T> Cft 

Z.T\ gJitli. f01B¥i»1*S*5K*tL.T. £SlMiii5 
tB^WttS^K^raJi^T^il^KliK^JIKtt 
LT> ¥«<*£#£ffJ^tg£Jf?&oT. fro, 

[0019] bu1B^%)^^Ic«. fim«M«r 

U\ *^£7)*Htt7fe(Ditt^lC*3^^^#^ [0 0 4 
9] ~ [0 0 5 4] £H«T**S. fcfc, pS!©¥ilW* 
S«lc*tLTW\ Sai3fb*1fc¥»f*Jilc«:. n^e*14 
£;jvtC. Si, G eSO-'S nfr6^W*tl^ 1 i-X±C0 
^St£^?tf3C£fr»3:Ll\ 3:/c. n^CD^i* 

5f>fBe, Mg. Ca, Z n StfS r jb^I^Jn^ 
1iX±<7>^£^W*H±££<hfr»3:Ll\, CtlKJ: 

cft6<D<b£^¥«wittT<a¥#f*s« 

$ap©JStt»tc«!i* «fc < S-M©^AW? i**7ca&U: 

it. a i stf/xiiG a tmmtfrZKzmitvnmt-s 

i^iftTSoTt, A I <t G a (ZHJAHc I nStS? 

-a-^dtfeT-^So iii ASi5t^ro^it©^i+icstfr 

-5 I n ©fcimitli. 0<ln/ (Al+Ga+ln) < 
0. 1 CDtBHT-t.fclA, 

[0020] z.<D£5ic. ¥mt*&te£ib£VB¥mtem 
lcteM<b%&<b^to¥SP<*tf>;g:&i£l Lfcttttfr 6*tt 

»i?teitTt.<tt\ 

[002 1] mXtfs pMv"J=l>S«lc5>]LT. 
A I xiG ayiN/n+^A I X2G aY2N. i §^A I xiG 
ayiN/n^A I X2G aY2N. nSGayiN/n+IG 



fc 7 x yl/ = teW»<0i*iU*- <h <7>M£*- 

5-<r^d<hfrT^^o ffJAif. n§y->'J=)>g 

mcttLT, i SG ayi I nziN/p§JG aY2 I n 
Z2N. pSG ayi I nziN/p+SJG aY2 I nz2N, p 
^G ayi I nziN/p§yG aY2N, pi^GaYllnziN 

/p + iA i x2GaY2NStfRTflrr£y. dtucty, 

^tc^ii* tifl-SB'Mx y ai t c £ fr t** s «t 5 ic& 
«wsft^y=i>, ^$£A->y=)>. * b b bSv' | J3x g 

a As. GaP, *;l/=l/\V^f mK*tLT i t>|W)«i& 

[0 0 2 2] By|B<b^¥®ff^tcii. tKXKU/XI* 
na^yjim^O. 1~40atom%af?^ct 

li. m&H. #ASt. f&tSA. «SftDl>ftinJ:^ 
fr, #E B B B H<7)li£li^*Pfefr^<, fMSA-P&BA® 
Ji^lcli, Je^Pi^lnffi^RB^A^W^Rilffr^ 

S^iSfilttf^IT'SS. **-¥>/\P^>7c*=&fb^%l 

£^#>7\ 6 0 0 °CJ-XT<0ffiSTiTton^ Z. t fr$? S L 
L\ 7jc«-^/\py>7cmii, tSAl*a<DiedKK-¥>*SA« 

s©^R B iiicixyji$n®s:^a« ; &?f^o corci* 
3t* y t*^^* * y ^©ttii^atc^-r ^. h ^ 
•y 7fr& < & y . mtitcxnm.ftVki£irsT z. t fr t z 

(HFS) lz&Vi&ttm*m , i£.T2>Z-tftT 

[0 0 2 3] BUlBS^b^fb^^fttiv ?PAMTt, 
f&*£AS3ltU:$l£A'Ft>J:i\> ^A^tiSc^AS^^ 
li 6 2d A^frjg^LTt^Ttxt < , U-rnfr— OT^o 
Tt><fet\ S^li^HtTtcfe^fr. -iaiSSot 

*fraET'^y, y>-7tf<D0#T7\°*->T-%<. fS^A, 
KWc5fil,->tCDfr6X<K-y Mlcx hy- 
^«<DttD. SfcX«l3»r-pa:— OCDM25i3ZfrlJ^flE 

[0024] (zomom) *3tm<ommtommtei* 

46. ±^7t<0^ i t,3Mt^ 5 0 0 nmiU ^3?#tD7tti © 

TtafriifiD-rtKfw^t ( i s c) liitjjp-r^o 



[002 5] C©». ±S3pSS!©*SW*S«lC«LT 

«. nSe^^fC, Si. GeMSnfr6I« 
fti5 1 J-X±©7c^cd K— 7°S£pg5 U v ^ 

©S-fbt £ t IC7 1 jus x^.7U^-=&^b*^ affiM 

■ KB. pSGWte£5*fBe. Mg. Ca, ZnM 
S r ftSIlRftlS 1 J-X±<0tt^O K-y«*W»U 

ttti. (fHJllCK— y*n«C. Si. GeSlfSnfr 
6JS^?tL-5 1 W±©5cJSx *5l^l4Be, Mg, C 
a , Z nMS r 1 VLtOiimi*. <b£ 

*2»isn*jBte#*tiscti5©7c*©ajsj:yfi<-r 
rnur<tt\ 

[0 0 2 6] 'i£i&?z±.mmte 

OmmjjTt (K5§§^ [0 0 5 5] ~ [0 0 6 2] ) t 

tom^ic&ifzit-svB^m&mxiWfflmte. 6 o o°c 

¥*ttiS§^li. jSM^n. Mfiftit. »8Hb14tc<I*U 

ffitlTfc »J . Tt^m^m? <!: LT©^ili6^7 l ct >"t 
<Dffelc. 7*h4f-f*— K. -f *-v4r>+>\ <w«-tr> 

[0 0 2 7] [*^jft] 
-m 1 

^b^¥>S{*JI£*fU MKj&SUUSUT. 

[0 0 2 8] m 1 <D&W(»±Q%ntelzt5 



nw±fc:. &iki' , jz\>(Dmm%:Bmu i6ft->y:j> 

Stetf^ilttT^^o M13tg B B B >"J=i>S^i. p 
pntgig. n pffiillltD^-rnT^oTtJ: 
t\ ~> t JZ}y&g> B (DWJ5m*. (100). (11 

o) . (iii) s^fffltsctms. ->y=i> 

-> 'J zi ygmcomMt. S3? 4 OfimASI mmgST 
[0 0 2 9] |£A->y □ XD^^yT'li 1 . leV 
S^iaETti 5 0-30 o/oWTKffiT-r £ <nrcisb±f§ 

[0030] «tdft¥*1*JI) fg 1 <D^©*B§®;t!l 
icfct-Tli. <b^*!8*l»»:Stt*@«!>g^3& LTt^o 
**l!B<&*IWt>dtU\ ¥t£ttS*5±K. ttJftaftffA I X 
Gay I n Z N W Ta^tl^^fb!|i!!l^b^¥^1*^W 
■r^b^¥^f*S5:^L. ISX, Y. Z&tfWli$fij$ 
ifc£SIU 0. 8 g (X + Y + Z) /W^l. 2. 

0. I^Z/ (X + Y + Z) ^1. O^fctilt 

[0031] mat'&VD^mftmtt. mm^A i x g 
a Y i nzNY,?mzn%mit®mb£%mmwz^ 

U N (M*7C*) ommttlCtj-rZA U Ga. si/ 
I n (D*Bf$J£<D£frh IP"6 (X + Y + Z) /WCDffl^ 
0. 8~1. 2T'£5iItfl i *ST-S , J, 0. 9~1. 
1?££C£#J:y&£Ll\, (X + Y + Z) /W<Dffi 

[0032] ztc. mEit^m^mwrniz^ztizm 

ft?* I n COfflfiEtfc. IP'S. Z/ (X + Y + Z) <J)m.ft 
0. 1~1. OT'SSCt^jg^Tfey. 0. 1 5~ 
0. 9T-&3C<*:tf<t:y#3:LC\ ) Z/ (X + Y + Z) 
(DmtfO. 1*SSTfe^i:. p]«3tlcJ«fLM^t^y, 

fc-rrc46tcli, BuIBM^bt&^b^^WW*. I 
mmfttTZtiK A I •¥»Ga^A,Tt^^:<Tt.<tL\ 

[0 0 3 3] *^lcJJtNT(*s 7te«735l*©Si4gP 
»lc3t)b>cfe »J ^ < mMTf* 2> «fc 5 "7 -T K/ ^> K=^> -y 7" 



&2>o WHlt. I n N(D9t¥¥* V Zflt 1 . 9 e V 

U 6 5 0 n mtctlMa-r^o I n N<Dl§£(cl;J\ ±mft<D 

m±imm&m%im<D2. 6evmm(D : ,&miciPiLTi*x 

[0 0 3 4] -S2CD5|B^- 
M2(05|B^(7)±|l«;te^ g*x±tc. 2 JfJ-X 

[0 0 3 5] (8*6) &2<D&w<D±mmmc35ifz>m 
mt. mm^n^> ! h(D7:itisi<. ^mm^commt 

fatmmiz. *s B v>y=i>fr5fc£t4)*>\ as*ns*fi- 

[0 0 3 6] «b£ft¥«ttJI) *^£D*i^m>ttti. 
BulBSffiJilC, £§J#5tj!M I xiGa Y 1 I n 

zi N W iT-«^ n^^b^^b^^ft^^ft-r^S 1 

©fb^HMmMMT &tftej$£Ctf A I X2Ga Y 2 I n Z 2N 

mzmL*K%mmmt-sw*mwikmm?z>'m 2 <D<b 

U buIBX 1 , Y 1 &t>'Z 1 
tiffifigtb^S U 0. 6^Z1/ (X1+Y1+Z1) 
SI. 0£S5fcU BUIBX2, Y 2J2iZfZ2immtt*: 
SU 0^Z2/ (X2 + Y2 + Z2) SO. 9£;8/c 
U fro. Z l&tfZ2#Z2SZ 1 ZffitzTZtZft 

[0037] MfBSr 1 ©fb6tt¥SWMiU\ bu1B**51c 
ifilMMcRW-StU 8SB!B2©fb£tt¥3W*»M\ buIB 

m 1 <oit£®¥mwm±T-& o z\ iuiBSi&fr entire: 

ffiJ&SStfA IxiGayi I nziNwiT-a?n^.gfb^ 
2(Mb^)¥>9t*£ a M Ill AS5^§tf>ISl$tbtf>#W- 
Icttf^ I ntO^fiEhb. Z 1/ (X1+Y1+Z 

1)<Dffi#0. 6~1. 0T'$5cttfdfT$'J> 
0. 7~0. 9T&2>Z£tf&V&£H,\ ZI / (X 
1+Y1+Z1) OMStfO. 6 *3§T& 3t^*> 
ft »J. ft£8!!»£AM;*<ft3o 

iuiBie^^/c-r/ctoicii. mzmmmt-£w=tmte 

It. I n^^fiE^t-T^fr. A I a$tA,T*tM& 

[0 0 3 8] Sg2CD<b£1fcl¥i9<*BU\ Sflfigxttf 

A I X2G 3Y2 I nz2NW2^S*tl^g{b^ft;^%,^ 
tt«£ttU III Ag|^*<7)!SflfiEJ±<D^ltlcJ*r^ I n 
CD&fiEtL Z2/ (X2 + Y2 + Z2) COflfrO 

~0. 9T£3£<i:#!&^T'25y, 0~0. 8?$5i: 



0. 9ZMx.Z£. mi(Dit£;VD¥m&m<DX¥#vy 
7 <!:<7>##ft<fty, !&l!ltf'J>ft<ft3 0 ZL£T\ &2 

it. ituiBfg i (Ditsvu^mtemiz a-ws-n^sib^^b 

$»imw*i:«fty. I n£#5I)5Ett,»:Lft<Tt<i: 

[00 3 9] £fc. ff14><bft1b¥«{*JllCd«£h« 
Mfb^lb^^iSWcfcttS I ntf>*§j£it (Zl) 

t. m2<Dit£M¥m&Mizam-£i\zmitVBmi£VB 

mmmz&lfZ I n<Z>fflfi£J± (Z2) tit. Z2SZ 1 
(Dffl^jIS/c-rci.hfr^TS^o Z1»tfZ2*>\ Z 
2 > Z 1 <DHttT-**£, TJI^roftj®iiaStf;j£'>U 

[0040] -> y Zl >«*x±lC. <b£1ta¥**JI« 1 S 
7Bf« LfcJg^lCti. 400~600n m(Dfcl^%m®i 

?tewwLis^mm&ziHtm&(D±ie^mm<D^-fn 

»DLTL$ 5 *&W<r>&oiZ.\t^W* 
^ttM£2JIW±ramT££<htf <fcy#£L.l\ CtfJi^ 

-(b^^*<*^^WM-r^^<h(cd:y. XftOb* 

ig i <nit-£s®¥mi*m±izmmm 2 <D4b£«¥«ttJi$ 

WLTt>^/cA6. "RiR*ftTt>WSil;:£i!i*ftftt''8B# 
£g'hPf let 3 Z. t fr 3o 

[0041] buIbs i <r>mnkT?m 2 co%m<D±mw& 

^\ 7-y ! 7*-K/<-y^X^1'^y>"5'' (RBS) . - 

li, IIIAffil^t^tcDl-y^^^jS^frS&^fc 

It. ^Vy * - F/K-y 7X**Z>J J?* Lt\ 

[0042] MfBS 1 OfgB^Slf M 2 <D%W0)±mWte 
IZ&I^T. itSVummitmit. 5 0 a t om%lXT0)7j( 

to^^psiiicufyjx^nwmwfeSii^^o,, ccofc 

-< KP->*i>7t7- KX*-\"*y>->* (HFS) Icj; 

<t o r*i^-r s c 1 1 -p* 

[0043] mam i to^^som 2 <Dmw±mn : & 
^c^5t^T. <b£*&i¥^ttJl ic a-W * ft £ ^{bt&is^b^ 

sts* 673 B B B ^w^-rftfr 1 -oT-tb y. s^ffifr 1 mm 

?&Z£i:tf&ZL\,\ MIC fiE^BrEtia^tiig^t 



VicDmifr/W I3ith,iixt°-y httlciSt^t 
mJrTlt 1 -D<0ffil5iiitj\ l3«^i*tD3SS<0 8 0 %J-X± 
[0044] jwfBSg 1 ©^Stflg 2 tD#gB8<D±P§m;tt 

t\ «y?l«r. n£<D^O±lCl2p£!<7>4bd4IN£*{t 
I< pffl©»D±(Cttn£i(Wb#»^f*Ji*fBJST 

<h<b^¥*^i:roW®lc^*> y Zf<Dmi3iZ>&-£ 

$fc, ^2<D5g^o*^tt>telcist>Tli. 0U*Ji\ MIS 
p3S©**£nS<Dfb^¥t*f*Ji£<DISU:tt» cpF^W 
fteWffit LT i M©W£-¥> i S<Dfb&tt¥S««i*K 
WTt>J:C\, 

[0 0 4 5] SB2©aW©*H«>ftlC£t^T» ¥ 

p ng©««lC»LTttp nft^£#ofcfb£*B¥«# 
M*. npS!©S«(c»LT«:np»^»ofdb$1fc 
¥SM*Ji*aJi-r*Ct3trT*«. StiLhlcBltfcJBd 
£*$oi/I@<D<b^¥^tt:Jf<D±lc, Mlc I nSSW 

ei^¥wmKd««-r« 2/n$Mb^%i¥t»f*/g£8Ji 

ffi&ijgmofbdttMNMMi 

[0 0 4 6] S&£i»iR*S«Ja£&ofb^fo¥#Wi 

g-rsj&gtf&s. z.v>tcisbwwz"<D F-^ypfixo) 

[0 0 4 7] $fc. S5££h 6 
tc«\ fl:^¥*ttJI<DlBlfClSStf%£L-?L$?. C 

XMM) 1^1*. 7i;l/ci*/i/^-i 



5c »cet*IS*IW«T*S*<D««*£*Tt»*t\ 
[0 0 4 8] i^H p3SS«tca*L7\ n^Gayil 
nziN/n+SG ay2 < nz2N^?>. i^GaYllnziN 
/nIG aY2 I nz2N^ n mG a Y1 I n Z1 N/ n 
GaY2N^ n^GaYI I nziN/n+g^A I X2G aY2 
N «tf rWTS 'J» 7 i ; U 5 X * j U^r- <fc eRfOi * 

lis n^St5lc^LT. i iG ayi I nziN/p^G a 
Y2lnz2N-¥>. p§2G ayi I nziN/p+SG aY2 I n 
Z2N-£\ pMG ayi I nziN/p^G aY2N^>. pSG 
aYI I nziN/p+^A I X2G aY2Ntf©Sfl»-&-&* 15 Rl 

$ y *n^n©fb^¥#«i#aicAy 

[0049] MIBS 1 ©S^Stflg 2 

£ K-^t5c:ttfT?5. k— tf^ffl^rxttiiiA 

^ALTtetL^ £fci9IHHI£JR1b£'to£lll3(::«A 

[0 0 5 0] nMfflWSStLTli. I Aflt ( I U P A 
C <01989*jSttMb^**S630I)K(C * 3J&g^li 1 ) V> 
Li. IBS (IU P AC©1989$PJKm^*;£5fcU 
JKlCtafiiS^lil 1) (DCu, AgSl^Au, IIAgl 

( I UP A Ca)1989#MtflHb¥ft«%aclTIIS(c 
^t*2) ©Mg, IIBJ& (I UP AC<D1989^«Mb^ 
**a?ttTliSlcJ:*tt*^W:1 2) (OZn, IVAK (I 
U P A C<01989^JI*|flHb^ft*a«ITJiS»C«l:*«l»^«: 
14) ©C, Si, Ge, SnMPb, VIAQj ( I U 
P A C©1989*JIR«fb*©*ai5fclIJKlc«k*flE»^U: 1 
6) <DS, S eStfT e^fflt^^Cl<t^T-^Sc *T*t> 
C. Si. GeatfSntfWSfSftflDiWSPtt^jSA^S*? 

[0051] pmm<D^zmtLTit. i ah©l i, n 

aMK, IBSlcDCu, AgStfAu, IIASl«DB 
e, Mg, Ca, Sr, B a Stf R a > 1 1 BWt<OZ n , 
CdSlfHg, IVA)B?<OC, Si. Ge. S nfttf P 
b, VIAttl (I UPAC<01989^M«l1b^ft«%ttlTJS 
IC<I:5]K#^1± 1 6) 0>S. SeMTe, VI B«S ( I 

u p Ac<Dwmmmit¥ift2 1 : ,£mjMiz£2>mm^it 

6) (DC r, MoMW, VIIISICDF e ( I UP AC© 

c i u p a cm989*mmt&$i2,?&mmc&zmm 

mt9) . Ni (I UPAC®1989¥)!!Ett<b¥ft&%& 

njsictsfiis^tti o) **»i^cttf?*5. cp 

T-t.Be, Mg. Ca. Z n SI/ S r ^«^S{*©^Jffl) 



[0 0 5 3] £fc, M'P^mtiK K-/\°> MC$g£L 

^seikL^^j: oic-ra&Etf* y, XMmn&j^ 

^fflO^i: LTli, 9mc, C. Si, GeMSntf 
»$L<, p^fflO)5t*i:LTti. Be, Mg, 

Ca, ZnStfSrWSK, \^Lm<DJtmtL.T 
It, Be, Mg, Ca, Z n StfS r L 

[0054] F-tf>^Clin^ffl,»:LTliv Si 
H4. S12H6. G e H4, GeF 4< S n H 4 £. pSffl 
tLTliv B e H2. B e C I 2. BeC I4, >-?P^ 
>£-;>'xx./l/^ A, v*^/l/£/l/-> i>V 

iMJ8<hLTW\ p§yffl<D7c^«!:|5|L:fb^^v # 

ixya^scitiT^So 

[0 0 5 5] [*»W»©HJB*a] *tc» 

Sti. RffSttOSfSis 1 £fSg§l ii-hSPP^n^fi-L 
TSSI-r 1 ROM 2 cDJ£*45Sttfb-<*ii£S& 13, 1 

1 to(DjsxztimT%tc#><Dmmm2 1. sssgg i i^tc 

»tt*;U$r- 3©S*5iSS®#J<hliJ55«HBiJlciBe* 
[0056] Jg 1 SD"M 2 0)Il^S141b-«*&gP 1 3 % 

1 4iz. ^ivFtu Sfsssi tsJiLaojg^si <om 

1 0i:*ffix.2, o m 1 <DH*4>tt«Mk-«*SgP 1 3 
li, HlcEH i *5<h£M-r-5«fcdlcffig£ti/c^-i'*n 
««*«8£» 55Sg5<h^-<?P;£>9i£g8<!:<D££ 

la^cfc y ££» 1 fliTBSW s tilers #x?ia^ i 

1 <t£H*.*o ^'T'?P^Si < g8«Stt:«TSy. * 

<b-«$&gp 1 4 t*w\ ^Y^a^fism'gscDftfeyic^ 

ISE3^;l/7i)W^ BJS»3-f;l/ 7 1*55^64) 

[0 0 5 7] -f- LT> ^1 Stf^2(D^?4S^b-^Sg 
gP1 3. 1 4(D#XiAi9. 10. 11. 1 2ltm.n 



□ >^^fcv-r^p>s#i^i::^?nTfcy, 5^ 
! B5F*gT]K**-ti-5 0 »««2{iiasL*^»* 
#e<h LTO^>yicg^tiTJ>y, 1 F*3£BS 

[0 0 5 8] C^Htefc^T. m^Tc^tLT, $J 

N2*ffl^«rxa»A« 9 lessees ic^At 
T) ic&mztitc^* ? amm&w s icv-r * p&#« 

«10fr£* «l?LtfH2*5K*6H:iiA-r*. A®-» 

53S«6l*Jtt:8fll*«£*-ev5. «tffi^P^tOT-^ffliJ 
«fc y flX.lf MJ^^I/tf y "JAStfXiAl 1 2 J: U V 
A-r^.Jli:{c<fcoT. 5«±lc^b^"y 94»ft:d4fe¥V 

[0 0 5 9] 1 0 0~6 0 0 °a§JgT'fc£«. 

#3 0 0°C<fcy<El,Ni§^KU:l 1 1 AttRCft#Z0>3Utf 

^«tN«^(ctt«sA & ^ y < s s«jg)t*^ 3 o o °c 
y ©t^ii^icii 1 1 1 Am5bm<Dmm*j*(D%imm%%L 
^cfcyt^<Tt,S!itse H B B tfey j f>-ru\ $fc. mtf 

H2«C«^tTofc^lclitT^^t^^J; y t«8!^ B B 9 fb 
^jl^cii:*^*^)., ^y ^^;u«yr>^<D-retoy 

5o $fc. Cft6cDW88£Jl<b£«i, ^IX^A^I 1 
^6S'J^lC«ALTt.J;t\ 

[0 0 6 0] £/c, C, Si. GeStfS n^S^tR? 
tlS 1 &L±(D5tm*:atsfi^ &2>IH*B e , Mg, C 
a , ZnMSr fr£8ft£tlS 1 J-X±0)^*=&^tr«' 

i2) fre^A-r^iitic^oTn^ piJifoe*(D 

M^if ^ d i: 6^1?* -5„ C (Om-Bilc It&mz J:^Tttt 
^^b^^KOee^^ffiffl LTti<tl\ 
[006 1] ±!e^Slcfc^T8tmi*/i/*'-lc<i:ym 

/c. HulB^^S^b^^^Sjg^^^JSgl^^-r^^ 

s«-hiciiatt<b*n/ciiiAg5ft*a)i^^ a« 



[0 0 6 2] ±!e^MlC£lt£K«-3ttfb-«3£g|50)-;£ 

i^t *» j; ^ u 2 mw±*mm l t t £ i\> 

£: c <!: lc J: o TSttliOiiteex^iU^-*** 

3o 

[0 0 6 3] *liW©*:^5ftti. S«±ltH9iiLfc* 

\z j; y % cfc y y**(D «t i^±p§m>tt tTSiiitfTtSo 
[0 0 6 4] s«Ltu:s{b»iR<b&**aw**#trtb^ 

*u as^fcy^msicgnTfcy. stSMtii^gKi 
mmcffl^e.n. SEICHE, -&-&miifcmmm**s 

[0 0 6 5] 

it. znznnmfflizftzmfe-ztxz&nTteizi^ 
mmmi) imLtzmisiu. doo omm&za. 

cmOpSS i mm:*>V?- 3 ictt-tt, iMf2^ 
1 1*3«]C£8MK& t-*-4lc <fcyg*5£ 
3 8 O'CKJlDgVL/co N 2 *'X^S 1 <Dfli83ttfl;-flt 
$ggpi 3 (DtfX^A'g 9 £'JE<i 2 5 mmcoe^ 5 F*3 
K2 000 s c cmlAU ^-f ^□«W»«8*^L 
T2. 4 5 G H z (D^^f *? Q^^tii^J 2 5 0 WlC-fe y \~ 

L^a-^-T'^y^>^ffiy, wm.tt-otco z.v>m 

WSSt&ttOWTfco/co H2#X«%2<DJ5f* 
Stttb-tttSSM 4<7)*XISAS1 0<J:*mS3 0 mm 
©E?lf 6^C5 00sccmfALfc. 13. 56M 
H z CDiSJI);&£>dJ;fj:& 1 0 0 Wtc-tr-y h L/c„ K#tj&li 
0 WT'$9fe 0 CCDtfStT'lg 1 <D^*4Stt<b-«SggP 1 
3 (DfixmA'g 1 U'JO °CT'«if * tlfc h 'J * 

y^/* (TMGa) (Dmnzmm&^v'jTijxtLz 



j1LT1 s c cmlAL/c„ MK. *^ftSRL/c->^V 
Hat om%(C^:5cfc5lC^AL/c„ CKDB^M^ hP 
>H£f+T;lJ:EL/cKJ&ff73ti6 5 P aTifco/co 
S6 0»ffl\ 0. 1 \j mO) S i K-7**R*bG a NJi 
(nSMb£%¥IW*Ji) ^p^S i g«±lCitJ£fl^L 

/to 

[0 0 6 6] iKDGa Ni«iMHFS (/ \-f F 
□ •>*!>• 7**7- K • 7.**$ >J>&) iCcfcyiiJSL 
fc<hc:^5a t om%?£ofc 0 CfDJKDft^*'* "J ~f 
It 3. 2eV7\ 3 8 0 n m <t y 5»5li^£lc2» L 

LTffll^c^t, ftttSKt? HU£ 3 0 0~8 0 

0 n mTlt Lfct c: 5, ft&ftfr6 4 0 0 nm^T't 
T$hmt— y . 3 6 0 n mSTll^g^f LT 
USd^tftofro/co ftjaii^Ki 0 . 6VTfeo/c„ d 

li±tes i K-^*iWbG a Nil^Jl^ LTffi 

[0 0 6 7] (ns6i5!i2) gfeiMi £n\zmm*m\.\ 
si2©Hifiattfb-«tiewi 4<o«rxaiA«i 2«ty2 

0 o CT^L/i:hy^5 1 /U7';U=-'7Z* (TMAI) * 

fill tmm<OJsmc£V. nSOS i K-^**<bA I 
GaNI (fflfiE^liv A lo.2Gao.8N) *pMS ig 
tiLhlcMftfEHLfc. CKDpSS i S*g±lc^Lfcn 
IA I Ga N®<0XI!Sl2l»f/\'^->SaiJ^LfctC:5. 
s\Jsik(D (oooi) iSMfiLftiiiiftofroft. d 

f hM300~800n mT* Ltct Z. 
iS380n mf TM-7-Sa*fi— ST'fi U » 3 4 0 n m 

ofco ClWCliiliJilBS i K-7°*^fbA I Ga 

[0068] (^S^^lJ 3 ) >5fe;^^tlfc®73i» (100) 
CpSGaAsItS5ffll\ d<D±^Hfigff"j2 <h|5l«l^> 
TDjSlCct'A nlOS i K-7°7K«<bA I GaN/f£ff5 

3tm3itA^^ h^U^3 0 0~8 0 0 nrnT-m^LtctH 
5> m-S?^63 80nm$T*?5S!)*tt— £?&y« 
3 4 0 n mS?Sl«SIU *W»««0316*.-|-» 
ICfiJffi-T * d «t * Z. t &t>& -o /co %@1/] 1* 
0. 7VT-^o/co C«Deii:l±±IBS i K— ^tMSfkA 

1 G a Njf^g,»:LT®tlfcmtg^^LT^^Ci:^ 

[0 0 6 9] (^)56«1J4) j5fe>|iL/cy-^^A(0±lC 
Mo^Xy\°-y^lc<fcy 1 (jmMU ^<0±(C 
gj£Tff5fiEL/c 2 a/ m<0£J£JI p^C u I n S e 25« 
=&fflt\ iKD±lc||Sg0ij2t|5)«|(O^tC<J:y. n^<7) 



3 0 0~8 0 0nmT;l"J^L/ctc:^, fi»Ifrb3 8 
0 n mJTl^^tt-ST'S'A 3 4 0 n mtT'l^ 

[0 0 7 0] 3t»Lfcffi*(ft (10 0) 4) 

pis i g«£g*5*;i/2"- 3 iciHt. i«f2?^L 
TSJ^ii 1 F*3£X£SMrtf£. t-*-4tc«fc y«*6£4 
0 0 o ClcJ)n«iL/co N2#X^M 1 <DH*47£t4ft-«*S 
gf5 1 3tD«'Xi|Af 9<t l Jlg2 5 mmCDS^ 5 rtlc 
lOOOsccmlAU ^-f ? 8 £ ft LT 

2. 4 5 GH z(D^-f<7a^thti2 5 OWtC-fey h L 

5St»liOWT$ofco —ft. H2#7.£S2 4>ISmS 
ti-fb— m$ggP 1 4©#X#Af 1 0mm<D 
E55f6rt(C200sccmiAU„ 13. 5 6MH 
z CDKMI&^aj*)^ 1 OOWtc-fe-y hLfc, 0 
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